Response to Letter of Gjedde and Wong

Nonlinearity in Modeling Receptor-Binding Ligands
To the Editor: In their letter to the editor, Gjedde and Wong argue that the equation they have used in their publication (Wong et al. 1986a ) for modeling the kinetics of dopamine-D2 binding ligands is dif ferent in form from the one shown in our editorial (Huang et al. 1986 ) and imply that their approach has solved the nonlinearity problem in the model equation. The equation (Eq. 1) shown in our edito rial configuration commonly used in receptor binding ligand studies. The equation contains a nonlinear term, which, in terms of the notation used in our editorial (Huang et aI., 1986) , is kaf2CrCt)Cb(t)/SA, where Cb(t) is the radioactivity concentration of the specifically bound ligand in tissue, CrCt) is that of the free component, SA is the specific activity of the labeled ligand, ka is the as sociation constant, and f2 is the fraction of the free ligand that is available for binding to receptors.
This term is nonlinear because it contains the product of Cf(t) and Cb(t). It does not matter whether the nonlinear term is grouped into k3 (as in our editorial (Huang et al., 1986) to indicate an ef- Vol. 7, No.4, 1987 fective change in the receptor binding rate con stant) or into k4 (as in Wong et al., (l986a) (after including the nonliner term) is negligible (i.e., approximating both the nonlinear term and the orig inal dissociation rate constant k4 to zero). For the case of very high specific activity radiotracers, the mass quantity of tracer is small and the fraction of
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receptors normally bound by the tracer is negli gible. In other words, the nonlinear term is small (because SA is large), and setting it to zero is quite justifiable. In this case, both k3 and k4 would be constant coefficients and the equation is a set of first-order, linear, constant-coefficient differential equations. There is no re-grouping problem and the approximation of k4 = 0 made by Wong et al (1986a,b) in this case of high specific activity is re duced to a simple assumption of zero dissociation of the bound tracer during the study time period.
For the case of low specific activity or for the case of large quantities of competing ligands (e.g., On the other hand, if Cb(t) is less variable than Ct<:t) , it would be more reasonable to group the nonlinear term into k3 and approximating k3 as a constant coefficient. However, without examining the constancy of Ct<:t) and Cb(t), there is no specific reason for doing it one way or the other. It may turn out that neither is a good approximation. One cer tainly should not consider that the general nonlin earity problem associated with the case of low spe cific activity ligands has been solved simply by a specific way of grouping the terms.
On the issue of approximating k4 to be zero, it should be pointed out that the discussion in Gjedde and Wong's letter about the condition of negligible k4 is not valid. In going from Eqs. 5 and 6 to equa tion 7, they have already made the assumption that all the k's (including k4) are constant. This is certainly not the case for low specific activities. Fur thermore, the term that contains k4 explicitly in Eq. 
